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Abstract 
This paper studies the containment of steam system when it interacts with wood crib fire under the submerged 
condition. The results of experiment show that the steam could disturb the wood crib fire flame consistently in 
enclosure space and dilute the oxygen concentration around wood. With the increase of exposed area of wood crib, 
the probability that crib will burn back is rising. When fire is extinguished, the longer steam acting time is, the less 
likely that wood crib will burn back. When the injecting time of steam reaches to a certain quantity, the rekindle 
phenomenon of wood crib would be effective controlled. After a series of comparison experiment, this paper has 
found the critical time for a certain crib structure. When the steam injects for critical time in the enclosed space, the 
crib will not burn back at all.  
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1. Introduction  
Steam is such a kind of environmental friendly gas which not only won't burn, but also can be used to 
replace flammable gas from the production equipment and decreases the concentration of the gas at some 
industrial sites. According to some fire extinguishing combat experiences, the steam can extinguish most 
oil fire if the quantity of water vapour reaches as high as 30%. Sapko etc. [1] used water vapour as fire 
extinguishing medium and estimated the explosive limit of explosive mixtures in coal mine when using 
water vapour to suppress the mixture explosion. He found that the more quantity of water vapour, the less 
likely can the explosion flame spread. Richard etc. [2] conducted a series of small scale diffusion flame 
test and added steam to study the performance of the flame with steam, finally found out the physical 
chemistry effect of steam effect. After some relevant research on steam suppress flame, Cong [3] found 
the leading factor how steam inhibit the flame is physical. Xiao [4] further studied the mechanisms of 
steam working under open space circumstances. He thought the dynamics effect of the steam plays a 
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leading role when steam put out the pool fires. Although there has been some researches on steam putting 
out pool fire but few focus on steam putting out the wood crib fire. Since the wood crib fire is stable fire, 
some researchers have conducted some experiments to find out the mechanisms of water mist putting out 
wood crib fires. Other related researches mentioned the burn-back of wood crib using water mist to 
suppress the flame in restricted room. It has been found more water mist was needed to control the 
smouldering burning. This paper aims to study the length of time needed to prevent a burn-back of wood 
crib fire. After the flame is out, the steam keeps injected into the restricted space. And find a critical time 
length needed to prevent the burn-back.  
2. Experimental 
A series of steam-smoldering experiments were conducted in a total flooding protection system in a cubic 
steel cabinet in this paper. The experimental apparatus schematic is shown in Figure 1. The geometry size 
of the inside enclosure space is 1.0 m (L)× 1.0 m(W) × 1.0 m(H). The door of the cabinet is made of glass 
with a steel frame, so the burning process and the extinguish process can be videoed from the glass door. 
The steam used in the experiments is generated by an electrical heating steam generator and the steam 
generation speed is 12 kg/h. The steam quantity conditions are controlled by changing the valve opening 
angles. The steam nozzle is embedded into the enclosure space through a hole of 1 cm in diameter from 
the top of the enclosure. The sticks used to form the wood crib is made of pine with a size of 100 mm 
(L)×10 mm (W)×10 mm (H). In this paper, the author chose two kinds of wood crib: one was piled up in 
6 layers with 3 sticks at each layer, noted as (6, 3) in the following passage for convenience; the other was 
piled up in 6 layers with 5 sticks at each layer, noted as (6, 5). 
 
Figure 1 Experimental schematic diagram 
Except for the structure of the wood crib, the quantity of the steam used is also an important parameter. 
During each experiments, the wood crib was first ignited and then the door was closed. The experiments 
were first burning for 140 s so that the burning reached the steady stage. Yang has found out the there is a 
double peak in the HRR of wood crib. It can be seen in the following part that the combustion state 
between the two peaks is the stable combustion period. Then, the valve was turned on and the steam filled 
the cabinet from the right side. The steam kept filled in the cabinet until the flame went out.  
The duration of this steam working period was kept down for further analysis. The burn-back 
phenomenon was recognized during the experiments. A critical time value ( Tc ) was defined as the 
critical minute whether the burn-back phenomenon existed and found out after a series of tentative 
experiments. For each flow rate, there was a different critical time. If the time of steam injection is longer 
than the Tc, the burn-back phenomena never appeared. The steam flow used during the experiments were 
2.02×10-2 kg / s and 2.47×10-2 kg / s, and eventually the critical values for both flow rate was found out. 
Due to the burn-back phenomenon in this paper, the quantity of steam calculated in this paper only 
represents the quantity of steam used to extinguish the flame from the ignition stage.  
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In the above description, the structure of the wood crib is an important factor that effects the interaction 
between steam and wood crib fires. The fill process of the steam flow varies with time, so it’s difficult to 
get the exact consumption of steam only by one or two relevant parameters. 
3. Results and analysis 
By comparing the temperature curves, the highest temperature above the crib is about 1073K before the 
steam injection. As the steam injected, the temperature decreased sharply for the flame is out. After the 
burn-back, the temperature can return to the previous level and may be even higher than the stable 
combustion reaching about 1173K in some circumstances. Due to the different structure of the crib, the 
space among the sticks are quite different so the heat accumulation acts distinctly. 
According to Figure 2 and Figure 3, the burn-back phenomenon appears when there is enough heat 
accumulated, explicitly reveals by an increasing temperature. Two sets of experiments were carried out 
for each work condition. For those around burn-back critical point, more experiments were carried out to 
verify the accuracy. For the (6, 3) structure crib, the lower flow flux can put out the flames and there will 
never be a burn-back. While for the (6, 5) structure crib, both steam flow can put out the flames and there 
always are burn-back phenomenon. So the analysis mainly focuses on the (6, 5) structure crib. 
  
2-a 2-b  
Figure 2 Temperature variation curve when steam flow is 2.02×10-2 kg/s for (6,5).2-a Not burn back condition with 
an interaction time of 25s; 2-b Burn back condition with an interaction time of 24s 
When the steam flow is 2.02×10-2 kg / s, the steam kept injecting for 25 s so that there will not be a burn-
back. That is to say, the critical time of (6, 5) structure at 2.02×10-2 kg / s steam flow is 25s. When the 
steam flow is 2.47×10-2 kg / s, the critical time is 30s. 
   
3-a  3-b  
Figure 3 Temperature variation curve when steam flow is 2.47×10-2kg/s: 3-a Not burn back condition with an 
interaction time of 30s; 3-b Burn back condition with an interaction time of 29s 
Regardless of the burn-back, the temperature grows a little bit after the flame was out. The burn-back 
temperature increased for about 200 K and formed a flat period for a while and surged suddenly for over 
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500 K the moment the crib burn-back. During this period, the cribs undertook a smoldering process. In 
this process, heat accumulated although the flames have been put out which eventually led to the burn-
back. 
As mentioned above, the duration for the steam after the flame is out can be another factor affect the 
burn-back phenomena. As the authors recorded, the temperature variations at two different duration. The 
longer the steam keeping injecting, the longer the time consumed to burn-back. If the steam working 29 s, 
it took 120 s to burn back while it took 50 s to burn back if the steam working 20 s. When the steam 
interacted with the crib fire, the steam filled in the enclosure space diluted the concentration around the 
crib and entrained air to low the temperature of the crib. What’s more, the entrainment disturbed the 
flames and the flames were put out after a while. With the injection of the steam, the disturbance stopped. 
This relatively static state gave a possibility for crib to accumulate heat. 
4. Conclusions 
Under flooding condition, the steam system could control the crib fire flames effectively. In order to 
control the burn back phenomenon of the crib fires, the steam has to keep injecting for a certain time after 
the flames are put out. Some interesting conclusion can be summarized as follows: 
(1) The burn back phenomenon tends to happen more likely in (6, 5) structure crib fires than (6, 3) 
structure crib fires. The increasing exposed areas caused more heat accumulation and burn-back. The 
steam put out a smaller exposed area crib fire and there is no burn-back. After the flame is out, the heat 
accumulated and the flame appears again till enough heat accumulated. 
 (2) Under the total flooding conditions, the steam with a flow rate of 2.02×10-2 kg / s can control the crib 
fire more effectively than that of 2.47×10-2 kg / s. 
(3) The disturbance caused by steam is one of the causes to extinguish the crib fires. The steam injected 
into the enclosure and continue disturb the inside air to cause flame distortion, finally the fire was 
extinguished. 
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